Cell adhesion depends on combinational expression and interactions of a large number of adhesion molecules from opposing cells. Integrins and immunoglobulin superfamily (IgSF) members are two foremost classes of cell adhesion molecules in immune system.
Introduction
Integrins are major cell adhesion molecules that mediate cell-cell and cell-extracellular matrix interactions, thereby playing a key role in development, immune responses, leukocyte trafficking, homeostasis and cancer metastasis. Integrins transduce signals across the plasma membrane bi-directionally in an allosteric fashion. Ligand-binding to integrins transmits signals to the cytoplasm ("outside-in" signaling). Conversely, integrins can be activated in response to intracellular signaling cascades elicited by other receptors ("inside-out" signaling) (1, 2). The structural basis of integrin allostery has been extensively reviewed (3) (7), thereby triggering the conformational changes of MIDAS, which is allosterically linked to an axial movement of the α7-helix at the other end of the I domain. This eventually leads to a large-scale reorientation of the ecto-domains up to 200Å, and the separation of the integrin α and β subunits by as much as 70Å (8, 9) . In this chapter, we will use the α I domain of αLβ2 integrin and its natural ligands, ICAM-5 as an examples to describe the expression and structure determination of integrin domains in complex with ligand.
Materials

Expression and purification of αL I domain in E.coli
1. Expression vector: pET22b with an inserted fragment encoding the αL I domain (residue N129 to Y307 with a stop codon following Y307) (10, 11).
BL21 (DE3) competent cells.
3. LB-amp medium: Dissolve 10g tryptone, 5g yeast extract and 10g sodium chloride in 1L of water (see Note 1). Autoclave at 121°C for 20min, add 1ml of 100 mg/ml ampicillin when it is cooled to room temperature. 4. FPLC equipment.
5. Cation exchange column SP.
6. Anion exchange column Mono Q.
7. Cation exchange column Mono S.
8. Size exclusion column Superdex75 prep.
Methods
The αL I domain is expressed in E.coli as an inclusion body, refolded, and purified to quite suitable for expression of proteins for structural studies. Therefore, CHO lec 3.2.8.1 will be our expression host for integrin IgSF ligands including ICAM-5 D1D2.
Expression and purification of αL I domain in E.coli
1. Inoculate a single colony of BL21(DE3) transformed with the expression vector into 30 ml of LB-ampicillin medium and shake at 37 °C for 6~8 hours.
2. The next day, transfer 30 ml of bacteria culture to 600 ml of rich medium, shake at 37 °C for 3~4 hours. When OD600 reaches to 1~1.2, add 1 mM IPTG to induce expression.
3. 3~4 hours later harvest bacteria by centrifugation. Re-suspend the pellet with 50 mM Tris-HCl pH8.0 and centrifuge to harvest the pellet. Freeze pellet at -20°C for later use.
4. Suspend the pellet in 30 ml of lysis buffer, incubate it at 37°C for 10~15min, and sonicate it with a large sonicator tip.
5. Harvest inclusion bodies by centrifuge (25,000 X g for 30min).
6. Wash inclusion bodies with wash buffer 1, centrifuge at 25,000 X g for 15min and discard the supernatant. Repeat this step for 5 times.
7. Wash inclusion bodies with wash buffer 2.
8. Resuspend inclusion bodies in solubilization buffer, stir at room temperature for 1~2 hours.
9. Centrifuge at 25,000 X g for 30 min, filter and keep the supernatant. Measure the protein concentration at OD280 and adjust protein concentration to 0.5~1 mg/ml with solubilization buffer.
10. Refolding at 4°C overnight or longer by quick dilution into 19-fold of refolding butter.
11. Centrifuge and filter with a 0.22 µm membrane to remove precipitant.
12. Concentrate the supernatant to small volume and filter it.
13. Purify the sample on a Q-sepharose ion-exchange column using a FPLC equipment. The supernatant is loaded to the column, washed with 2 column volumes (CV) of buffer A and eluted with a NaCl gradient from 0 to 30% of buffer B in 20 CV.
14. Collect and pool the peak fractions.
15. Concentrate the pooled fractions and further purify it on Superdex75 prep size-exclusion column using a FPLC equipment.
16. Collect and pool the peak fractions.
17. Desalt and change buffer to 20 mM HEPES pH7.5, 50 mM sodium chloride and 5 mM magnesium chloride.
18. Concentrate the sample to >20 mg/ml. Flash freeze into liquid nitrogen and store at -80 °C for later use of crystallization (see Notes 5).
Expression and purification of ligands in CHO-lec 3.2.8.1 cells
Our ICAM-5D1D2 construct does not contain any purification tags and we have no suitable antibodies against ICAM-5D1D2 to be used in affinity purification. However, the unique situation here is that the isoelectric point (pI) of ICAM-5 D1D2 is about 11, far above the pI value of most proteins (4~6). This property was exploited to purify this protein fragment using a series of ion-exchange columns.
1. Collect supernatant from CHO lec 3.2.8.1 cells stably transfected to express ICAM-5 D1D2. The cells were cultured in dishes, flasks or in roller bottles with GMEM-MSX medium. Roller bottles generally give higher expression due to larger surface area. We typically harvest the supernatant every week and add fresh medium into roller bottles (100~200 ml for a 2-L roller bottle) for long term culture (see Note 4).
Concentrate the supernatant up to 10~20 folds and dialyze it against 50 mM
Tris-HCl, pH8.8.
3. Centrifuge to remove precipitants.
4. Load the concentrated supernatant to a SP cation exchange column pre-equilibrated with 50 mM Tris-HCl pH8.8. Wash the column with 10 CV of 50 mM Tris-HCl pH8.8. Elute ICAM-5D1D2 with 50 mM Tris-HCl pH8.8, 1M NaCl.
Collect and pool peak fractions containing ICAM-5D1D2. Dialyze it against 50
mM Tris-HCl pH8.8.
6. Load the dialyzed sample to Mono Q anion exchange column pre-equilibrated with 50 mM Tris-HCl pH8.8. ICAM-5D1D2 does not bind to the column at this pH.
Collect the flow through fraction. Although ICAM-5D1D2 does not bind to Mono Q at this pH, contaminant proteins do and this step improves the purity. 
Notes
1. Unless stated otherwise, all solutions should be prepared in water that has a resistivity of 18.2 MΩ-cm and total organic content of less than five parts per billion. This standard is referred to as "water" in this text.
2. For wild type I domain, CuSO 4 and phenathroline should not be included. CuSO 4 is used to facilitate oxidization of the engineered disulfide-bond in the mutant locked high-affinity I domains and phenathroline is used to inhibit metalloprotease activity.
GSH and GSSH may be used instead of CuSO 4 to provide oxidization-reduction potential. CuSO 4 and phenathroline are less expensive. The crystals were harvested and soaked in 0.1M HEPES pH7.5, 15% PEG8000, 20% glycerol and 5 mM magnesium chloride. It is important to increase the concentration of PEG8000 from 7.5% to 15%, otherwise the crystals dissolved slowly and this impairs the diffraction quality. After soaking in cryo-protectant, the crystals were flash frozen into liquid nitrogen for later data collection. was not much difficulty in the tracing of ICAM-5. However, we did encounter some trouble in correctly tracing the I domain. In all previous integrin α I domain structures, α7 helix is located between β6 strand and α1 helix with a direction from top to down. At the beginning we tried to model the α7 helix of I domain in this direction and the density did not fit well with the residues of α7 helix. Furthermore, the β6-α7 loop did not have any reasonable density (Fig. 1a) . When the symmetry related molecules were checked, we noticed that α7 helix of one molecule might swing out and insert into a symmetry related molecule in an upside-down fashion (Fig. 1a) . Fig. 1b shows a typical α helix, for which all the Cα-Cβ bond point to the N terminus of the helix. Upon carefully checking the density we noticed that most of the residues in α7 helix showed a polarity with α7 helix from down to up (Fig.   1c ). The final model did have a swing-out of the α7 helix (Fig. 2) . 
